Background. Adequate nutrition is inseparable from athletes' optimal physical development and achieved sports performance. Preparing for the Olympic Games athletes' nutrition must meet certain requirements. Only under appropriate nutrition conditions athletes are enabled to maximize their adaptation to physical loads. Hypothesis: nutrition of Lithuanian high performance athletes in combat sports is adequate. Research aim was to assess nutrition profile and physical development of Lithuanian high performance athletes in combat sports.
INTRODUCTION
A thletes and specialists training them should pay special attention to diets because proper nutrition is an integral part of optimal physical development of athletes and their achieved optimal performance (American College of Sports Medicine, 2009 ). Aiming at developing targeted measures to improve planning and management of training high performance athletes, it is clearly important to highlight the nutrition characteristics of different groups of athletes. Preparing for the Olympic Games, athletes' nutrition must meet certain requirements. Only under the conditions of adequate nutrition athletes can ensure their increased energy consumption and the body's nutrient needs and thus allow maximum adaptation to physical loads.
There is a lack of research about the nutrition profile of Lithuanian combat athletes. So far, it has not been established whether nutrition of elite combat athletes meets the requirements, no recommendations have been provided for the optimization of combat athletes' diets. Therefore, in order to more effectively manage the training of Lithuanian combat athletes for excellence, their actual nutritional studies are among the most important and relevant. Only after the assessment of their nutrition profile it is possible to rationally combine it with organized training process so as to reach the best possible sports results and at the same time protect and preserve athletes' health. This determined our research aim -to assess actual nutrition profile and body composition of Lithuanian high performance boxers and GrecoRoman wrestlers.
METHODS
During the competition preparation period of 2012, the actual diets and physical development of Lithuanian elite combat athletes (n = 43) were evaluated. Research sample involved combat athletes who trained 155 ± 40 min a day (years of training -7.2 ± 3.8). All in all, 95% of elite combat athletes included in the lists of those training for the Olympic Games were tested: 14 boxers and 24 Greco-Roman wrestlers. The mean age of research participants was 20.5 ± 3.8 years (18.4 ± 0.8 years for boxers and 21.5 ± 4.3 years for Greco-Roman wrestlers).
Athletes' body composition analysis was performed. Athletes' height was measured using electronic scales at the Lithuanian Sports Medicine Centre. Body weight and body weight of the individual components: lean body weight (kg and %), muscle mass (kg and %), fat mass (kg and %) measurements were performed in the Lithuanian Olympic Sports Centre applying body composition analyser X-SCAN and using BIA tetrapolar electrode method which had been used in the studies with other athletes used and recommended by other researchers (American College of Sports Medicine, 2009; Moon, 2013) . In addition, athletes' body mass index (BMI) as well as muscle and fat mass index (MFMI) were calculated and assessed (Skernevičius, Raslanas & Dadelienė, 2004) .
Athletes' actual diets were established using the actual dietary survey method. Respondents were surveyed by a trained interviewer applying in-depth interviews at the Lithuanian Olympic Sports Centre. Following the actual dietary survey method, consumed foods and dishes were recorded for each athlete. The actual nutrition survey was performed using special Atlas with pictures of foods and dishes, which contains different portions of foods and meals evaluated in grams in order to capture all food and dishes eaten as well as their and quantities (Maisto produktų ir patiekalų porcijų nuotraukų atlasas, 2007). Athletes' average daily food rations were measured, and their chemical composition and energy value were determined using the chemical composition tables (Sučiliene & Abaravičius, 2002) . Nutrient intake was assessed taking into account the recommendations provided in the scientific literature (American College of Sports Medicine, 2009; Burke, 2010; Kreider et al., 2010) . Assurance of the energy body needs was set by method of indirect alimony calorimetry (American College of Sports Medicine, 2009; Ainsworth et al., 2011) . Intake of biologically active substances in the quantities of the recommended daily intake (RDI) was assessed by approved vitamins and minerals RDI in Lithuania (Rekomenduojamos paros maistinių medžiagų ir energijos normos, 1999).
In accordance with the recommendations, the adequacy of intake of nutrients to the recommended quantities was estimated and expressed as a percentage of the recommended amount (intake/ recommended amount x 100). As the RDI of vitamins and minerals depends on age and gender, the intake of these substances was expressed as a percentage (%) of the RDI (intake/RDI x 100). Referring to the intake levels of macronutrients and micronutrients, athletes were divided into appropriate groups: athletes consuming less than the recommended amount (or) RDI, consuming the recommended amount (or) RDI, and consuming more than the recommended amount (or) RDI.
Statistical data analysis was performed using the statistical programme SPSS ( 
RESULTS
The assessment of body composition of combat athletes showed that boxers' and wrestlers' body weight ranged within the normal values (Table 1 ). This is confirmed by the BMI of the Lithuanian Olympic boxers and wrestlers, which was 20.7 ± 3.2 kg/m 2 and 23.5 ± 3.2 kg/m 2 respectively. The duration, intensity, volume, developed physical abilities and characteristics of energy expenditure of the investigated athletes during their sports activities were similar. In case of long-term sports experience (in our research -7.2 ± 3.8 years), in the preparation period for the Olympic Games, physical development of boxers and wrestlers should not particularly differ and must meet the nutrition profile requirements for high-performance athletes. Advanced athletes' body composition analysis showed that the lean body weight (%), fat mass (%) and muscle mass (%) of boxers and wrestlers were not different. Meanwhile boxers' BMI was significantly higher than the wrestlers' BMI (p = .001). Nevertheless, combat athletes according to MFMI were identical (boxers' MFMI was 7.5 ± 3.8, and the Greco-Roman wrestlers' MFMI -5.4 ± 2.0, p = .070). MFMI indicators of athletes in both sports are rated as high, indicating a particularly good physical development status of Lithuanian elite combat athletes.
The analysis of the actual diets of athletes showed that the energy intake (EI) of combat athletes (3292.9 ± 800.6 kcal or 48.6 ± 15.1 kcal/ kg) was slightly less than the daily estimated energy requirement (EER) (3628.2 ± 763.8 kcal or 51.6 ± 5.9 kcal/kg) ( Table 2 ). This is confirmed by the percentage ratio of EI and EER. The overall negative ratio (EIx100/EER) -94.4 ± 29.3% -is largely determined by the lower energy values of Greco-Roman wrestlers' rations. Meanwhile boxers' energy intake with food 101.3 ± 37.4% corresponds to the body's daily energy expenditure.
In our study, quantities of boxers' and wrestlers' consumed carbohydrates, proteins and fat do not different. Boxers' and Greco-Roman wrestlers' average consumption of carbohydrates are respectively 6.3 ± 2.1 g/kg and 5.6 ± 2.0 g/kg.
Anthropometrics

Boxers (n = 14)
Greco-Roman wrestlers (n = 29) Regardless of the branch of sport, combat athletes consume the same amount of proteins (1.7 ± 0.6 g/ kg) and similar amounts of essential amino acids, fat, saturated and polyunsaturated fatty acids (Table 3) . A more detailed analysis of the research results confirmed that the recommended amount of carbohydrates is not consumed by 74.4% of athletes, polyunsaturated fatty acids -55.8%, omega-6 fatty acids -32.6%, omega-3 fatty acids -100.0% combat athletes (Table 4) 14.5 ± 2.5 14.2 ± 2.4 ≤ 10 Polyunsaturated fatty acids (%) 5.3 ± 1.3 6.4 ± 1.7 6-10 Omega-6 fatty acids (%) 4.8 ± 1.3 5.9 ± 1.6 5-8 Omega-3 fatty acids (%) 0.3 ± 0.1 0.4 ± 0.1 1-2 Cholesterol (mg)
Recom
754.3 ± 446.4 789.7 ± 361.4 ≤ 500 2.3 ± 0.5 117.1 ± 23.9 2.5 ± 0.7 124.5 ± 34.5 Table 5 . Micronutrient intake of combat sports athletes in Lithuania Note. RDI -recommended daily intake. order to assess the actual dies of combat athletes, we analysed the composition of biologically active elements in their rations ( Table 6 ).
Vitamins and minerals Boxers
The assessment of vitamin and mineral intake of different branches of combat sport revealed differences (Table 6 ). Significantly higher proportion of boxers does not get the recommended dietary vitamin A (57.1%) (p = .050) and the mineral magnesium (42.9%) (p = .022) were found. Meanwhile, intake of vitamin C (p = .049) and vitamin B9 (p = .050) is insufficient in the GrecoRoman wrestlers' (34.5%) diets.
DISCUSSION
Proper nutrition is one of the key determinants of the adaptation to physical loads. One of the most important nutritional requirements for athletes is the optimal supply of carbohydrates for athletes' bodies (Burke, 2010) . The findings of our study show that Lithuanian elite combat athletes do not get the recommended carbohydrate content of 7-10 g/kg body weight with food. A similar carbohydrate intake (3.9-4.7 g/kg) not reaching the recommended amount has been established for combat athletes in Greece, France, Spain, England, and Israel (Finaud et al., 2006; Prouteau, Benhamou, & Courteix, 2006 ; Fleming & Costarelli, 2007; Simatos, 2007; Sillero Quintana, Garcia Aparicio, Torres Garcia, & Garrido Pastor, 2010) .
Low-carbohydrate diets are often associated with excessive consumption of fat. No exceptions are Lithuanian elite combat athletes traditionally taking too high-fat foods. We found that the combat athletes consumed too much fat and saturated fatty acid. In contrast, in other countries combat athletes consume lower-fat foods and the energy value supplied by fat in their nutrition (26-35%) does not exceed the recommended dose (20-35%) (Finaud et al., 2006; Rossi, Goya, Matayoshi, Pereira, & Bernardo da Silva, 2009; Clarys, Ramon, hagman, Deriemaeker, & Zinzen, 2010; Martins & e Rocha, 2010; Sillero Quintana et al., 2010) . Besides, in other states combat athletes consume only 307-566 mg of cholesterol and this amount does not exceed the recommended one (Martins & e Rocha, 2010; Sillero Quintana et al., 2010) . Meanwhile, our research participants consumed cholesterol twice as much (754-790 mg) as in other countries, and over 1.5 times the recommended amount (≤ 500 mg).
According to the research data about athlete nutrition, high contents of fat consumption are not associated with the increase of cholesterol and triacylglycerol concentrations in the blood, when the energy intake with food does not exceed the energy expenditure. Consuming increased fat content in the diet, athletes' fat mass, resting heart rate, blood pressure, oxidative stress and lipid peroxidation in the body do not increase and has no negative impact on the immune system of athletes (Venkatraman & Pendergast, 2001 ). On the other hand, strenuous exercise promotes amino acid methionine metabolism and increases the level of the homocysteine in the body, which is the stimulating risk factor of cardiovascular disease emergence. Higher homocysteine levels are also caused by higher fat and saturated fat intake (Czajkowska, Lutosławska, Mazurek, Ambroszkiewicz, & Zmijewskiet, 2011) . Thus, it would be reasonable for Lithuanian Olympic combat athletes to reduce fat and saturated fatty acids in their diets and increase the intake of deficient polyunsaturated fatty acids (especially omega-3 fatty acids).
In addition, using too much fat Lithuanian elite combat athletes consume too little carbohydrates. Low-carbohydrate diet slows down the body's adaptation to physical loads (Hawley, Burke, Phillips, & Spriet, 2011) , weakens the immune system, and athletes faster start feeling fatigue during exercise (Burke, 2010) . It should be noted that Lithuanian elite combat athletes train 3-4 hours every day and overcome physical loads in the work area of high intensity. Consumption of a small amount of carbohydrates does not fully restore endogenous carbohydrate stores in the body between sports practice sessions and requires more efforts of the central nervous system to deal with physical stress; it is also a risk factor of overtraining (Burke, 2010) .
One of the sports nutrition requirements is an adequate intake of proteins and essential amino acids. As shown by the research results, in other countries dietary protein deficiency in combat athletes is rarely determined (Simatos, 2004; Finaud et al., 2006; Fleming & Costarelli, 2007) . On the contrary, in many countries -Spain, Belgium, Brazil, Israel and Iran -the dietary intake of combat athletes meets or exceeds the recommended protein content (Rossi et al., 2009; Clarys et al., 2010; Sillero Quintana et al., 2010; Moran et al., 2012; Daneshvar et al., 2013) . Our research results are different. We found that more than 40% of our surveyed Lithuanian combat athletes consume insufficient of or excessive amounts of protein. It can be noted that protein deficiency in Lithuanian combat athletes' nutrition is one of the nutritional disadvantages potentially causing slower adaptation to physical loads. Therefore, supplementation of essential amino acids in food supplements in exceptional cases is reasonable and advisable. On the other hand, higher amounts of proteins than the recommended ones do not slow down the body's adaptation to physical loads. Depending on the duration, intensity, and volume of physical loads, higher protein content in the diet may be recommended for combat athletes. Scientific studies have shown that body's need for protein in elite athletes increases, and the dietary intake of 1.8-2.0 g/kg body weight of protein is considered optimal (Burd, Tang, Moore, & Philips, 2009) .
With their food athletes must consume not only the recommended nutrients, but also vitamins and minerals. In our study, Lithuanian combat athletes' diets lack vitamin D, B1, PP, minerals, manganese, zinc, calcium and copper. Similarly, in other countries combat athletes' lack vitamins B1 and D, minerals, calcium and zinc. Insufficient amount of vitamin B1 in the diets of athletes in countries is 1.0-1.4 mg (Filaire, Maso, Degoutte, Jouanel, & Lac, 2001; Simatos, 2004; Martins, e Rocha, 2010) , vitamin D -2.8-3.0 µg (Martins, e Rocha, 2010; Moran et al., 2012) , calcium -600-1000 mg (Simatos, 2004; Fleming & Costarelli, 2007; Martins & e Rocha, 2010; Moran et al., 2012) , and zinc -11.9-12.5 mg (Moran et al., 2012; Daneshvar et al., 2013) . In addition, our obtained results also revealed inequalities arising from the branch of sport. It turned out that boxers' diets lacked vitamin A and mineral magnesium, and GrecoRoman wrestlers' diets lacked vitamins C and B9. It should be noted that in other countries, the deficiency of vitamins C, B9 and magnesium has not been determined in combat athletes (Simatos, 2004; Rossi et al., 2009; Martins & e Rocha, 2010; Moran et al., 2012; Daneshvar et al., 2013) , which shows that in other countries athletes optimize the supply of their bodies with vitamins and minerals. There is no doubt that nutrition of our Lithuanian combat athletes must be optimized and additional vitamins and minerals in food supplements must be consumed.
CONCLUSIONS
1. Under the influence of complex training tools, Lithuanian elite boxers and Greco-Roman wrestlers have developed an optimal physical condition, but the peculiarities of current athletes' diets still cannot induce maximal adaptation to long-term and (or) an intensive, large-scale physical loads. Combat athletes' diets do not fully meet the requirements of proper nutrition due to irrational use of proteins, not enough carbohydrates, polyunsaturated (omega-6 and omega-3) fatty acids, vitamin D, B 1 , PP, minerals, manganese, zinc, calcium and copper, and excessive consumption of fat, saturated fatty acids and cholesterol. Boxers' diets are deficient in vitamin A and magnesium, and the Greco-Roman wrestlers' diets lack vitamin C and B 9 . 2. Nutrition of Lithuanian elite combat athletes must be optimized, individualized and adjusted. In order to ensure optimal body needs with nutrients and vitamins as well as minerals, it is recommended to supplement boxers' and Greco-Roman wrestlers' diets with carbohydrates, essential fatty acids, vitamins, minerals, dietary supplements, and in exceptional cases, with essential amino acids, and nutritional supplements.
